Energy derivatives in quantum Monte Carlo involving the zero-variance property.
We give an exact expression for the nth derivative of the expectation value of the energy that satisfies the zero-variance (ZV) principle when the wave function and its first n derivatives are exact. The ZV principle was previously applied to the first energy derivative ("force") within the variational Monte Carlo and mixed-estimator diffusion Monte Carlo methods. We present a new expression for the force in pure-estimator diffusion Monte Carlo that satisfies the ZV principle and can be evaluated much more efficiently than previous expressions while maintaining comparable accuracy. This expression is the sum of a pure expectation value and a variational expectation value, which separately satisfy the ZV principle. The bias in this force estimator is second order in the deviation of the trial wave function from the diffusion Monte Carlo wave function. Results for small molecules demonstrate the accuracy of the method and its statistical efficiency.